A new hydraulic tube structure for WIM sensor of a new generation is presented in this paper. The double-tube structure has been developed in order to improve the performance of the hydraulic load cell. The double-tube structure hydraulic element could be reduced by 46% in pressure changes according to temperature compared to a single-tube structure. In addition to the nonlinearity can be reduced by 67.19% at the same load condition. The hydraulic load cell shows an excellent linearity and measurement accuracy as the result of the static load test.
INTRODUCTION
Weight-In-Motion (WIM) sensor is used for measuring the dynamic load of a moving vehicle to estimate the corresponding static load of the vehicle [1, 2] . WIM systems have very important benefits in traffic monitoring to reduce accident frequency rates, to reduce fuel consumption and to reduce pavement costs [3, 4] .
Several kinds of WIM sensors have been developed and are commercially available. A banding plate load cell, the most commonly used low-speed WIM sensor, is performed with relatively high accuracy. However, the installation costs are high, and the accuracy is low in the vehicle traveling at high speed due to the slow response time [5, 6] . A piezoelectric sensor is low cost, but does not work properly at low speeds of less than 20 km/h [7, 8] . So far, in spite of high accuracy, hydraulic load cell is used for the limited purposes, such as measuring the static load.
Because of the pressure in the sensor is significantly changed by the temperature and that has slow response time by using the corrugated diaphragm. Therefore, the need for the development of a new structure is required.
In this paper, the proposed hydraulic load cell is composed of a spring/hydraulic element and a single sensing element. The hydraulic element was made by SUS304 as the double-tube structure in order to reduce the pressure changes depending on the temperature to improve accuracy and to speed up the response time. A sensing element detects a change in the internal pressure of the tube caused by an applied load.
DESIGN AND FABRICATION
The applied load on the WIM sensor significantly affects the pressure in the hydraulic tube. When the load causes elastic deformation in the range of tensile strength of the tube, the amount of pressure depends on the applied load, the thickness of the tube, the design of the tube and the elasticity of the material. plate delivers its mechanical energy to the hydraulic tube. As a result, the pressure in the tube is changes.
An experiment was carried out to find the characteristics of a single tube structure. Stainless steel grade 304(SUS304) was chosen as the tube material and was cut into 600 mm. The tubes were 1.1 mm thickness, 10 mm height and the width was produced by three different types. Table 1 shows the material properties of a SUS304.
There are several advantages of using SUS304. 
where L is length of tube and W is width of tube [9] .
Allowable pressures of tube limits by using a safety factor (SF) and the maximum pressure is calculate by,
where P is pressure, T is thickness of tube, D is outer diameter of tube, and S is material strength.
When SF is 10, the pressure in the T2_C33 is allowed 114.4 bar, T2_C43 is allowed 85.8 bar and T3_C53 is allowed 76.27 bar.
In the above equation, as the width of the tube increase the allowable pressure get smaller. Rated pressure 50 bar pressure sensor is used in this experiment. Therefore the maximum pressure in the tube is limited to less than 50 bar.
In the hydraulic load cell, the pressure transfer medium is water Another experiment for temperature characteristics was carried for comparing single tube structure and double tube structure. A single tube (T2_C01), a solid core tube (T2_C02) and a double tube structure (T2_C03) can be seen in Fig. 3 . 
RESULT

Single-tube structure
The same height and same thickness as the width of the other three types of tubes were prepared. Table 2 shows the dimensions of the single-tube structure.
The temperature sensitivity of the single-tube structure was investigated by increasing temperature from 10 to 60ºC in the chamber and the temperature characteristics of a single-tube structure can be seen in When the load from 0 to 5,000 kg is applied to a single-tube structure, the variation of the internal pressure of the tube was measured. The width of the tube increases, the nonlinearity of the hydraulic load cell becomes large, as shown in Fig. 6 .
Large width of the single-tube is designed. That significantly reduce the temperature dependence but the non-linearity is increased, because the changes in the area of the loads caused by the deformation from the internal pressure variation.
Nonlinearities of the single-tube structure originating from a change in the load area due to the internal pressure variation. Table 3 shows the dimensions of the double-tube structure. In a double-tube structure, the temperature dependence of a sensor can be reduced because the pressure is absorbed by the deformation of the inner tube.
Comparison of a single-tube and a double-tube
Also, the nonlinearity of the double-tube structure can be reduced by 67.19% at the same load condition, as shown in Fig. 8 .
The temperature dependence of the hydraulic load cell also can be reduced by using solution of low thermal expansion coefficient.
LiCl is to lower the freezing point of water at the same time lowering the thermal expansion coefficient. Fig. 8 is shows temperature characteristics of the pressure transfer medium in double-tube structure (T2_04). Table 4 shows the dimensions of the T2_C04 tube. In addition, the LiCl aqueous solution of 20 wt% can be lower the freezing point of water to -44ºC.
CONCLUSION
A new type of hydraulic load cell for WIM sensor with a double-tube structure has been developed in order to reduce temperature sensitivity and to improve accuracy. The hydraulic element of the double-tube structure was made of the SUS304.
Therefore, the tube could have excellent corrosion-resistant, good tensile strength, and large thermal expansion coefficient. The double-tube structure shows the low temperature dependence, an 
